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Pyrido[23-D]pyrimidine and Pyrimido[4,S-D]pyriiiiidiiie Nucleosides 

This application claims the benefit of U.S. provisional application number 
60/216,418, filed July 6, 2000, which is incorporated herein by reference in its entirety. 

Field Of The Invention 

5 The field ofthe invention is nucleoside analogs. 

Jtocksronnd Of The Invention 

Nucleoside analogs have long been used as antimetabolites for treatment of cancers 
and viral infections. After entry into the celU many nucleoside analogs are phosphorylated 
by nucleoside salvage* pathways in a conversion to the corresponding monophosphate by 

10 nucleoside kinases, and the monophosphates are subsequentiy phosphorylated by a kinase 
to the di-, and triphosphates. Once a nucleoside analog is converted to its triphosphate 
inside the cell, it can serve as a substrate of DNA or RNA polymerases and can be 
incorporated into DNA or RNA. Incorporation of certain unnatural nucleoside analogs into 
nucleic acid replicates or transcripts can interrupt gene expression by early chain 

1 5 termination or loss of function of the modified nucleic acids. In addition, certain 

nucleoside analogs are very potent inhibitors of DNA and RNA polymerases, which can 
significantly reduce the rate at which the natural nucleoside can be incorporated. 

Moreover, nucleoside analogs can also interfere with a cell in a way other then 
DNA and/or RNA synthesis. For example, some nucleoside analogs may induce apoptosis 

20 of cancer cells, or bhibit certain en2ymes other than polymerases. In yet further alternative 
biological effects, some nucleoside analogs are known to modialate the immune system. 
Typical examples for biological effects of nucleoside analogs include thymidylate synthase 
inhibition by 5-fluorouridine, or adenosine deaminase inhibition by 2-chloroadenosine. 
Further examples include inhibition of S-adenosylhomocysteine hydrolasene by planocin 

25 A. 

Unfortunately, however, most of the known nucleoside analogs that inhibit tumor 
growth or vhal infections also imply a threat to the normal mammalian c6lls, primarily 
because such analogs lack adequate selectivity between normal cells and viral or tumor 
cells. Therefore, there is still a need to provide methods and cbmpositions for nucleoside 
30 analogs witii improved specificity and reduced toxicity. 
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Siimmary Of The Invention 

The present invention provides novel nucleosides having modifications on the 
nucleoside base and/or the sugar moiety, which may significantly increase selectivity in 
cj^toxicity to neoplastic cells and/or reduce toxicity of the nucleoside analogs to normal 
5 cells. Particularly contemplated nucleosides include a pyrido[2,3-d]pyrimidine, a 

pyrimido[4,5-d]pyriinidine, and derivatives thereof. The sugar moieties of contemplated 
compounds may fiarther include modifications on the C2, C3, C4, and/or C5 position. 

More specifically, the present invention provides nucleosides having a structure 
according to formula (I): 




wherein A is O, S, CH2; R2, Ri'j R3» and R3' are independently selected from H, F, OH, 
NH2, CN, N3, CONH2, and R, where R is lower alkyl, lower alkenyl, lower alkynyl, or 
lower acyl, and optionally containing at least one of a heteroatom and a fimctional group; 
or R2 and R2' together, or R3 and R3' together are selected from =CH2, =CHR", =CR"2, 

15 =NR\ where R" is H, F, OH, CN, N3, CONH2, lower alkyl, lower alkenyl lower alkynyl, 
or lower acyl; R4 and R5' are independently selected from H, lower alkyl, lower alkenyl, 
lower alkynyl, or aralkyl, and optionally containing at least one of a heteroatom and a 
functional group; R5 is H, OH, 0P(0)(0H)2, P(0)(0H)2, 0P(0X0R"')2, or P(0)(0R"')2, 
where R"' is a masking group; and B is selected from the group of heterocycUc radicals 

20 consisting of formula (H), (III), (IV), and (V) 
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wherein X is H, NH2 or OH; Y is H, NH2, or halogen; Zi in formula (U) and (IV), and Z3 
in formula (m) and (V) is O, S, NR", CHM, or CM2; Zi in formula (III) and (V), and Z3 in 
formula (II) and (IV) is CH, or CM; Z2 is N, CH, or CM; where M is F, CI, Br, OH, SH, 
NH2, CN, COOR", C(=NH)NH2, lower alkyl, lower alkenyl, lower alkynyl, aralkyl, or 
5 aryl. 

In an especially prefened aspect, the nucleoside analog has a structure according to 
formula (VI): 




Hd ha 



In further contemplated aspects of the inventive subject matter, the nucleoside 
10 analogs may be modified to form the respective prodrugs, and particularly contemplated 
modifications include phosphorylation or addition of aphosphonate group at the C5 
position of the sugar moiety, modifications on the hydroxyl groups on the sugar moiety, 
and modifications on the amino group of the nucleobase. It is especially preferred that such 
modifications can be cleaved from contemplated compounds in a target compartment, 
15 target cell, or target organ. 

In yet anoAer aspect of the inventive subject matter, a method of inhibiting growth 
. of a neoplastic cell includes a step in which contemplated compounds according to 
formula (I) are administered to a system, preferably to a mammal, and more preferably to a 
human. Especially contemplated neoplastic cells include colon cancer cells, breast cancer 
20 cells, melanoma cells, glioma cells, and prostate cancer cells. It is further contemplated 

that the growth inhibition comprises inhibition of RNA polymerase I, RNA polymerase H, . 
and/or RNA polymerase HI, and/or induction of apoptosis which may be triggered at least 
in part by MEK-phosphorylation. 



-3- 



wo 02/03997 PCTAJSO 1/41242 

Brief Description of the Drawing 

Figure 1 is a graph depicting comparative cytotoxicity of an exemplary 
conten^lated compound towards various cancer cells. 

Figure 2 is a graph depicting comparative inhibition of proliferation of various 
5 cancer cells by exemplary cont^dplated compounds. 

Figure 3 is a graph depicting comparative anti-clonogcnic activity of exemplary 
contemplated compounds in various cancer cells. 

Figures 4A and 4B are graphs depicting induction of apoptosis in various cancer 
cells by exemplary contemplated compounds. 

10 Figu]:e 5 is a graph depicting inhibition of RNA synthesis in KS62 cells by 

exemplary contemplated compounds. 

Figure 6 is a graph depicting inhibition of RNA Polymerase I & in by exemplary 
contemplated compounds. 

Figure 7 is a graph depicting inhibition of RNA Polymerase U by exemplary 
IS contemplated compounds. 

Figure 8 is an autoradiograph depicting MEK-ERK phosphorylation by exemplary 
co|nteii^>lated compounds. 

Detafled Descriptioa Of The Inventioit 

Contemplated Compounds 

20. It is generally contemplated that compounds according to the inventive subject 

matter have a structure according to formula (I): 




(D 
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wherein A is O, S, CH^; R2, R2', R3, and R3' are independently selected from H, F, OH, 
NH2, CN, N3, C0NH2* aiid R, wixere R is lower allqrl, lower alkenyl, lower alkynjd, or 
lower acyl, and optionally containing at least one of a heteroatom and a functional group; 
or R2 and R2' together, or R3 and R3' together are selected firom =CH2, =CHR", ==CR"25 
5 =NR", where R" is H, F, OH, CN, N3, CONH2, lower alkyl, lower alkenyl, lower alkynyl, 
or lower acyl; R4 and R5' are independently selected from H, lower alkyl, lower alkenyl, 
lower alkynyl, or aralkyl, and optionally containing at least one of a heteroatom and a 
functional group; R5 is H, OH, OP(OXOH)2, P(0)(0H)2, 0P(0)(0R"*)2, or P(0)(0R")2, 
'wbsrt R'" is a masking group; and B is selected from the group of heterocyclic radicals 
10 consisting of formula (II), (III), (W), and (V) 



wherem X is H, NH2 or OH; Y is H, NH2, or halogen; Zi in formula (IT) and (W), and Z3 
in formula (JH) and (V) is O, S, NR", CHM, or CM2; Zi in formula (HI) and (V), and Z3 in . 
1 5 formula (II) and (IV) is N, CH, or CM; Z2 is N, CH, or CM; where M is F, CI, Br, OH, SH, 
NH2, CN, COOR", C(=NH)NH2> lower alkyl, lower alkenyl, lower alkynyl, aralkyl, or 
aryi. 

In a preferred aspect of the iaventive subject matter, contemplated compounds have 
a heterocyclic radical according to formula (II)» A is oxygen in the sugar moiety of the 
20 nucleoside analog, and it is even more preferred that in such nucleoside analogs X is NH2, 
. Zi is 0, and Z2 and Z3 are CH. While not limiting the mventive subj ect matter, it is still 
further preferred that R4 and R5' are hydrogen, and R$ is OH in the sugar moiety. 

In ftirther particularly prefeacred aspects of the inventive subject matter, 
contemplated nucleoside analogs have a structure according to formula (VI): 




5- 
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i \ 
3 OH 



With respect to the stereochemical configuration of contemplated compounds, it 
should be appreciated that Hie sugar need not be restricted to the D-configuration, but may 
also be in the L-configuration. Similarly, it is contemplated that suitable molecules may 
5 include pne or more chiral centers, which may be enantiomeric pure (/. e. , in or S*- 
configuration) or in a racemic mixture (ie, , in R- and S-configuration). Likewise, where 
substituents (e.g., base or OH groups) may exhibit an orientation in the a- or p-position, 
both positions are contemplated. 

Furthermore, it should be appreciated that contemplated compounds may be 
1 0 modified to their corresponding prodrug. The term "prodrug" as used herem refers to any 
modification of contemplated compounds that (a) changes the molecular weight of 
contemplated compounds and/or (b) alters the bioavailability of contemplated compoxmds 
with respect to a target cell and a non-target cell. For example, a prodrug may be prepared 
by esterification of a hydroxyl group of contemplated compounds with an organic acid 
1 5 (thereby changing the molecular weight, but not necessarily changing the bioavailability to 
a target cell). On the other hand, contemplated compounds may be converted to a prodrug 
to include a cyclic phosphonate ester (thereby increasing bioavailability to hepatic cells). 

Moreover, it should be especially appreciated that prodrug forms of contemplated 
compounds may be entirely or partially re-converted to the contemplated compounds m a 
20 target organ, target cell, or target compartment (or in any non-target environment). 

Reconversion may include various mechanisms and especially contemplated mechanisms 
are enzymatic conversion, oxidation and/or reduction. 

Prodrugs may also be employed to increase the specificity of contemplated 
compounds with respect to a target organ, target cell, or target compartment. For example, 
25 contemplated compounds my be coupled to cholesterol (or a cholesterol derivative) to 
increase the concentration of contemplated compounds within the hepato-biliaiy 
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circulation. Alternatively, contemplated compounds may be coupled to a compound that 
has a corresponding receptor on a target cell, thereby increasing Ihe concentration of 
contemplated compounds at or in the target cell. In a yet another example, contemplated 
compounds may be coupled to a nuclear translocation signal to increase the concentration 
5 ofcontemplated compounds within the nucleus of a cell. 

Furthermore, prodrugs may be employed to reduce accumulation of contemplated 
compounds in non-target organs, non-target cells^ or non-target compartments. For 
exanq}le, contemplated compounds may be modified such that a non-target cell will have a 
significantly reduced rate of uptake of contemplated compounds when such compounds 
10 are modified to a prodrug. Thus, and especially where contemplated compounds exhibit 
cytotoxicity to a non-target ceU, prodrugs may be employed to reduce cytotoxicity of 
contemplated compounds in cells or organs other than the target ceUs or target organs. 

In yet further contemplated aspects of the inventive subject matter, suitable 
compoimds may be covalently coupled to pharmacologically active or inactive moieties. 

15 For example, pharmacologically active moieties include antineoplastic drugs such as 

anti-metabolites (eg., Pentostatin™), DNA polymerase inhibitors (e.g., Gexnzsx™), RNA 
polymerase inhibitors (eg., ECydP^, platinum derivatives (eg., Paraplatin™), anti- 
estrogens (eg. Nolvadex™), Taxanes (e.g., Taxotere™), GnRH analogs (e.g., Lupron™)» 
DNA polymerase hahibitors (e.g., Gemzar™), topoisomerase inhibitors (e.g., 

20 Hycamptin™), biphosphonates (e.g. , Aredia™), somatostatins (e.g., Sandostatin*r^, 
interferons (e.g., IntronA™), nucleoside analogs (e.g., Ribavuii™), and IMPDH- 
inhibitors (e,g., Tiazofijrin™). 

Pharmacologically inactive moieties include biological and non-biological 
moieties. For example, where target specificity is particularly desirable, contemplated 
25 compounds may be coupled to an antibody, an antibody firagment, or a synthetic antibody 
(e.g., scFv). In a fijrther example, contemplated compounds may be coupled to a chelator 
(e.g., that binds a radionucleid). Alternatively, where prolongation of serum half-life or 
reduced immunogenicity is particularly preferred, contemplated compounds may be 
coupled to inert or biodegradable polymers (e.g., dextran, polyethylene glycol, etc.). 
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With respect to the mode of coupling cont^plated compounds to other moieties, 
all known methods of coupling are considered appropriate and especially include covalent 
coupling (with or without a separate linker molecule), hydrogen bonding, and 
hydrophobic/hydrophilic interactions. 

5 In still further aspects of the inventive subject matter, contemplated compounds 

may also be in the form of their respective isalts, wherein the salt may be a salt of an 
organic or inorganic acid or base (e.g., actetaie or moipholino salt, HCI salt). Theie are 
numerous pharmacologically acceptable salts known in the art, and all of the known salts 
are considered suitable for use in conjunction with the teachings presented herein. 

10 Synthesis of Contemplated Compounds 

Synthesis of modified ribq/uranoses 

The exemplary schemes below show the synthetic routes to some of the 
contemplated compounds. Compound 1, prepared according to a published procedure 
(Jones et al. Methods in Carbohydrate Chemistry (edited by Whistler and Moffat), vol. VI, 

15 pp315-322. Academic Press, New York, (1972)), was treated with a variety of 

nucleophiles such as Grignard reagents to give 2, which was benzoylated or acetylated and 
subsequently treated with trifluoroacetic acid to give compound 4. Benzoylation and the 
subsequent treatment with acetic anhydride/acetic acid in the presence of sulfuric acid gave 
compound 6, which was used for condensation with pyrido[2,3-d]pyrimidme or 

20 pyiimido[4,S-d]pyrimidine bases. 




6aR = Me 6bR = ethynyl 6cR=viir5rl 6dR=allyl 
-8- 
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Compound 2a (5(iJ)-C-methyl derivative) was converted to the sulfonate 7, which was 
subjected to nucleophilic substitution to give the configurationally inverted compound 8. 
Deprotection of the isoprppylidene and the subsequent acetylation gave the tetraacetate 9. 




5 Compound 1 was treated with formaldehyde in aqueous sodium hydroxide to give 

4*-hydroxymethyl derivative 10, which was selectively protected to afford compound 11. 

The subsequent protection with DMT and removal of TBS gave compound 13, vsiiich can 
be converted to a variety of substituents. The 4-C-substituted derivatives subjected to the 
similar transformations as S-C-substituted ribofuranoses can be converted to compound 
1 0 17, which is used for condensation with nucleoside bases. 



9^ 
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OHC ^ OMe HO— I ^ OMc HO-i . OMc 

V V °x° 



10 11 



OMe 



1 

Km)-. OMe OMe DN^O-] 

II r\ HO— I r \ '*' TOso— I r\ 

X X °x° 

14 13 u 

HO OH OBz BzO OBz 

15 16 17 

aR = methyl bR = vinyl cR = ethyl dR = H0CH2 

Compoimd 13 was converted to 18, -^ch was subjected to Witdg reaction to give 19. 
Hydrogenation of 19 over palladium afforded 20. Compound 13 was converted to the 
5 4-C-phenoxythiocarbonyloxymethyl derivative 21, which was reacted with 
tris(trimethylsilyl)silane (9.0 mL, 29 mmol) and then with 1,1'- 
azobis(cyclohexanecaibonitrile) to give 22. 



DMTO— I ^ OMc DMTO-n ^ OMe DMTO— i ^ OMe 

HO— I /~C ^ OHC/ — \ *^ =J] — \ 

0^ ^O 0 0 0 0 

XXX 

13 18 19 



OMe 



1 1 

21 22 20 

Where conteniplated conqpounds include a sugar moiety that is not modified at the 
10 CU' or Cs position (e.g., L-riboftiranose, 2 -hydroxy-2'-ethynyl-L-ribofuranose), 
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10 



coBdensation of the corresponding protected sugar moiety (in D- or L-configuration) is 
carried out following procedures well known in the art. 

Synthesis of modified pyridopyrimidine nucleosides 

The 5 '-substituted nucleoside analogs are prepared from the condensation of the 
silylated pyrido[2,3--d]pyrinudine bases and the properly protected, modified 
ribofiiranoses. The following scheme shows synthesis of 4-amino-5-oxo-pyrido[2,3-d]pyr- 
imidine 25, Compound 23, prepared according to a reported procedure (Archive der 
Phaimazie 1985, 318, 481-486), was refluxed with chlorotrimethylsilane and sodium 
iodide in acetonitrile to give 24. Reaction of 24 with formamidine acetate under reflux 
afforded compound 25. 




23 



24 



25 



The following schemes show tiie condensation of the pyrido[2,3-d]pyriniidine 25 
and the modified ribofiiranoses 6 and 17. Compound 25 was treated with 
(bis(trimethylsily)acetamide to give the silylated pyridopyrimidine, v^ch was reacted with 
15 6 or 17 to give 26 or 28. Removal of benzoyl afforded the pyrido[2,3-d]pyrimidine 
nucleosides 27 and 29, respectively. 



NHj o 




B2O OBz 



O 



B2D 
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KH2 o 





NH2 0 




B2O OBz 
17 



BzO OBz 
28 



HO OH 
29 



R = Me, ethyl, vinyl, propyl, allyl, hydroxytnethyl 

Other sugar-modified pyridopyrimidine or pyrinudopyrimidine nucleosides can be 
prepared either through condensation of nucleoside bases and modified sugars or through 
modifications of the nucleosides. For example, 4-amino-S-oxo-pyiido[2,3-d]pyrimidine 
riboside (27 or 29 R = H) was converted to 2'-deoxy derivative 30 by a sunilar procedure 
described for 2*-deoxyadenosine, and 4-ainino-5-oxo-pyrido[2,3-d]pyrimidine xyloside 34 
was prepared by condensation. 



NH2 o 




NH2 0 




NH2 o 




""V^J ""^^ 

HO 



30 



NH2 0 




31 



NH2 0 




32 



NH2 O 




HO OH » 



33 



34 



35 



10 4-Amino-5-oxopyrido[2,3-t/]pyrimidine was condensed with a variety of 1-Oacetylated 
pentose sugars via Vorbrttggen reactions. Further derivatizations of the nucleosides 
provided an additional group of pyrido[2,3-^pyrimidine nucleosides. 
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Synthesis of modified pyrimidopyrimidim nucleosides 

The 5 '-substituted nucleoside analogs are prepared from the condensation of the • 
silylated pyrimido[4,5-d]pyrimidine bases and the properly protected, modified 
ribofiiranoses. The synthesis of pyriniido[4,5-d]pyrimidine nucleosides follows a protocol 
5 substantially similar to the synthetic procedure as outlined above. 

Depending on the reaction conditions of the condensation reactions employed to 
couple the sugar moiety to the pyridop^S-t/lpyrimidine or pyriinido[4,5-d]pyrimidine base, 
the corresponding nucleoside analogs may be connected at the Ni or Ng atom of the base. 
In any case, the glycoslyation site of the base was established by X-ray crystal structure. 

10 Uses of Contemplated Compounds 

It should generally be recognized that the contemplated compounds may be 
employed in any treatment or therapy of a system that positively responds to 
administration of contemplated compounds. However, it is particularly preferred that the 
contemplated compounds may be employed in antineoplastic treatments and antiviral 
15 treatments (as a direct antiviral compoimd and/or as an indirect antiviral compound), and 
in treatments to modulate the immune system. 

Antineoplastic treatments 

It is generally contemplated that compounds according to the inventive subject 
matter may be employed as antineoplastic agents that directly or indirectly inhibit growth, 

20 invasiveness, and/or spread of a neoplastic cell or cell population. It is particularly 

conten]^)lated that a method of treating a neoplastic disease in a patient comprises a step in 
which the contemplated compounds are administered to the patient at a dosage effective to 
inhibit growth of a neoplastic cell, and an especially preferred compound is the compoimd 
according to formula (VI, supra). Contemplated dosages are in the range between 0.01-1 00 

25 mg/kg, and more preferably between 5-50 mg/kg. However, alternative dosages, routes, 
schedules and formulations are also contemplated, and suitable alternative administrations 
are described below. While the use of contemplated compounds is not restricted to a 
particular neoplastic cell or neoplastic disease, especially contemplated neoplastic cells 
include colon cancer cells, breast cancer cells, melanoma cell$, glioma cells, and prostate 

30 cancer cells. 
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Antiviral treatments 

It is generally contemplated that compounds according to the inventive subject 
matter may be employed as a direct and/or indirect antiviral agent in a viral infection. It is 
particularly contemplated that a method of treating a viral infection in a patient comprises 
5 a step in vAdch the contemplated compounds are administered to the patient at a dosage 
effective to inhibit viral propagation (ie,, a process involving a host cell in which one or 
more than one virus causes the host cell to produce one or more copies of the virus, 
wherein the term *to produce" refers to nucleotide synthesis, protein processing, and 
protein assembly), and wherein the composition comprises at least one of the contemplated 

10 compounds. Contemplated dosages are in the range of between 0.1-100 mg/kg, and more 
preferably between 5-50 mg/kg. However, alternative dosages, routes, schedules and 
formulations are also contemplated, and suitable alternative administrations are described 
below. While the use of contemplated compounds is not restricted to a particular vnus in a 
particular viral infection, especially contemplated viral infections are an HIV infection, an 

15 HCV infection, an HBV infection, an RSV infection, an influenza virus infection, and a 
parainfluenza virus infection. 

Immnnomodulation 

It is generally contemplated that compounds according to the inventive subject 
matter may be employed as immunomodulatoiy compounds, and it is particularly 

20 contemplated that such compounds may be employed to modulate the balance between a 
Type 1 response and a Type 2 response of an immunocompetent cell (e.g., T-cell) towards 
a challenge. More specifically, it is contemplated that the compounds according to the 
inventive subject matter may increase the Type 1 response relative to a Type 2 response 
(either by increasing the Type 1 response or by decreasing the Type 2 response), however, 

25 it is also contemplated that tiie compounds of the inventive subject matter may increase tiie 
Type 2 response relative to a Type 1 response (either by increasing the Type 2 response or 
by decreasing the Type 1 response). In still fiirther contemplated uses of the compounds 
according 1o the inventive subject matter, it should be appreciated that contemplated 
compounds may also be employed as immunosuppressive agents at a concentration 

30 effective to suppress botii Type 1 and Type 2 responses. 
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Administration of Contemplated Compounds 

With respect to administration of contemplated compounds, it should be 
appreciated that the compotmds may be administered under any appropriate protocol in 
any appropriate pharmaceutical formulation. It is generally preferred, however, that 
5 contemplated compounds are orally administered. In further aspects of the inventive 
subject matter, it should be appreciated that various alternative administrations are also 
suitable, and it should still fiirfher be recognized that a particular administration will 
generally depend on ch^nical stability, bioavailability, dosage, formulation, and/or desired 
pharmacoldnetic/pharmacodynanuc properties of contemplated compounds. Thus, 
10 appropriate administrations will include oral administration (e,g., tablet, syrup, etc.), 
topical delivery (e.g., ointment, spray, cream, etc.), parenteral systemic deliyery (e.g., 
iohalation), and direct or indirect delivery to the blood stream (e.g., i.v. or i.m. injection, 
etc.). 

Cpnsequently, the formulation of contemplated conqpounds may vaiy considerably. 

15 For example, where the drug or drug composition exhibits sufficient stability to pass 
through the gastro-intestincd system without undesired chemical or enzymatic 
modification, oral formulations may include syrup, tablets, gel caps, powder, etc. On the 
other hand, where absorption or passage of contemplated compounds through the 
gastrointestinal tract into the blood stream is problematic, suitable formulations especially 

20 include injectable solutions or suspensions (e.g., physiological saline solution buffered to a 
pHofabout7,2to7.5). 

With respect to the dosage of contemplated compounds, it should be appreciated 
that various dosages are suitable, and contemplated dosages typically are in flie range of 
O.lmg/kg to several lOOmg/kg, and even more. For example, where contemplated 
25 compounds are excreted or metabolized at a relatively low rate, or where long-term 

treatment is desired, dosages will typically be in the range between 0.5mg-10mg/l^. On 
the other hand, where bioavailability of contemplated drugs is relatively low, or where 
metabolic conversion is relatively fast, dosages will typically be in the range between 
IQmg/Tcg-lOOmg/kg. 
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With respect to the dosage of contemplated compounds, it should furfher be 
appreciated that at least some of ihe compounds according to the inventive subject matter 
may be phosphorylated in vivo. Consequently, and especially 'wheie immediate 
bioavailability is desired, dosages may be reduced where contemplated compounds are 
S administered in a phosphorylated foim. 

The schedule of administration may vary considerably, and contemplated schedules 
include a single dose over the entire course of treatment, multiple single daily doses over 
the entire course of treatment, multiple daily doses, and permanent dosing (e.g., permanent 
infiision, implanted osmotic pump, etc.) for at least part of the course of treabnent. While 

10 it is generally preferred that suitable schedules sustain constant delivery of contemplated 
compounds, burst delivery (Le. , at least one administration at a first dose followed by at 
least one more administtation at a dose lower than the first dose) is also appropriate. With 
respect to the duration of treatment, it is contemplated that appropriate durations may vary 
between a single administration and several days, several weeks, several years, and even 

15 longer. For example, where contemplated compounds are employed in a cell culture, a 
single administration, or relatively short administration may be sufficient On tiie other 
hand, where contemplated compounds are administered to treat an acute phase of a 
disease, appropriate treatment dumtion may be in the range between several days and 
several weeks. Similarly, v^ere chronic diseases are treated by administration of 

20 contemplated compounds, extended administration over one or more years may be 
suitable. 

In still further alternative aspects of the inventive subject matter, contemplated 
compounds may be combined with additiond pharmaceutically active substances to assist 
in the treatment of various diseases, and particularly neoplastic diseases. Additional 

25 phaimaceudcally active substances may be administered separately, or together, and when 
administered separately, administration may occur simultaneously or separately in any 
order. Especially contemplated additional pharmaceutically active substances include 
drugs commonly used as chemotherapy for treatment of cancer and immune modulator 
substances. For example, chemoiherapeutic agents include anti-metaboUtes (e.g., 

30 Pentostafin™), DNA polymerase inhibitors (e.g. , Gemzaf™), RNA polymerase mhibitors 
(e.g., ECyd™), platinum derivatives (e.g., Paraplatin™), anti-estrogens (eg.. 
Nolvadex™), Taxanes (e.g., Taxotere™), QnRH analogs (eg., Lupron™), DNA 
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polymCTase inhibitors (e.g.^ Graizar™), topoisomerase inhibitors (e.g., Hycamptin™), 
biphosphonates {e.g., Aredia™), somatostatins Sandostatin™), nucleoside analogs 
(eg.. Ribavirin™), and IMPDH-inhibitors (e.g., Tiazofiirin™). Contemplated 
immunomodulatory substances include cytokines (e.g. , interferon a and y, IL2, IL4, IL6, 
S IL8, ILIO, and IL12), cytokinins (eg., kinetin), and chemokines (eg., MIP-1). 

Examples 

The following examples provide exemplary synthesis, in vitro/in vivo experiment, 
and are intended to illustrate but not to limit the invention. 

Synthesis 

1 0 Preparation of 2, 3-0'isopropylidem'5(R,SJ'C--ethynyI-l-0-m^^ 

ribofiiranase 

To a stured solution of methyl 4-C,5-(><iidehydro-2,3-0-isopropylidene-p-D- 
ribofuranosade (Jones et al. Methods in Carbohydrate Chemistry Vol 1, pp315-322 (1972), 
4.00 g, 19.78 mmol) in anhydrous THF (20 mL) at -42 ®C under argon was added dropwise 

15 ethynyknagnesium bromide (0.5 M in THF, 80 mL, 40 mmol). Upon addition, the 

resulting mixture was slowly warmed up to 0 T (^-90 mia). The reaction was quenched by 
adding ice (50 g)/water (50 mL) and the mixture was stirred for 30 min. After 
neutralization with 1 0 % aq. acetic acid, the mixture was extracted with efhyl acetate 
twice. The combined organic layer was dried (Na2S04) and concentrated. Chromatography 

20 on silica (efhyl acetate-hexanes 1 :4) gave 3.48 g of the titled compound (R/S ratio 1 :1) as a 
white solid. Similarly, the following compounds were prepared: l-0,5(i?)-C-Dimethyl-2,3- 
0-isopropylidene-p-D-ribofuranose from 4-C,5-0-didehydro-2,3-0-isopropylidene-l-0- 
methyl-P-D-ribofuranose and methylmagnesium bromide; 2,3-0-Isopropylidene-l-O- 
methyl-5(J?)-C-vmyl-p-D-ribofuranose from 4-C,5-0-didehydro-2,3-0-isopropylidene- 1 - 

25 0-methyl-p-I>ribofuranose and vinyhnagnesium bromide; 5(/?)-C-Allyl-2,3-C>-isopro- 
pylidene-l-O-methyl-p-D-ribofiiranose from 4-C,5-0-didehydro-2,3-0-isopiX)pylidene-l- 
£7-methyl-P-D-ribofrjranose and allyhnagnesium bromide. 
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Preparation of 5'0-cu:etyUl'0,5(S)'C-dimethyl'2,3'0-isopropylid^ 

ribojuranose 

To a stirred solution of 1 -O55(i?)-C-<limethyl-253-O--isopix)pylide0e-p-D- 
ribofiiranose (7.24 g, 33.17 inmol) in anhydrous pyridine (50 mL) at 0 ^^C was added 
5 metfianesulfonyl chloride (3 . 1 mL, 39.92 mmol). The resulting mixture was stirred at room 
temperature for 1 h, cooled to 0 ^'C, quenched by adding water (1 .0 mL), and stirred at 
room temperature for 30 min. The solvent was evaporated and the residue was dissolved in 
ethyl acetate, washed with brine three times, dried (Na2S04) and concentrated. 
Chromatography on silica (30% EtOAc in hexanes) gave 8.62 g of the metfaylate as a 
10 colorless synxp. 

A stirred suspension of l-0,5(i?)-C"dimethyl-2,3-0-isopropylidene-5-0- 
methanesulfony]-P-D-ribofuranose (8.62 g, 29.1 mmol) and NaOAc (anhydrous, 3.5 g, 
42.5 mmol) in anhydrous DMF (350 mL) was heated at 125 °C under argon for 4 days. 
The solvent was evaporated and the residue chromatographed on silica (25% EtOAc in 
1 5 hexanes) to give 4.0 g of the titled compound as a white solid. 

Preparation of 5'-deoxy-2J'0'isopropyliderie']'0-methyl'J^D-^^ 

To a stured solution of 2,3-04sopropyUdene-l-0-methyl-P-D-ribofuranose (14.2 
g, 70.0 mmol) in anhydrous pyridine (250 mL) at 10 °C was added in portions (over 30 
min) p-toluenesulfonyl chloride (19.1 g, 100 mmol). The resulting mixture was stirred at 
20 room temperature for 18 h, cooled to 0°G, quenched by adding water (5.0 mL), and stirred 
at room temperature for 30 min. The solvent was evaporated. The residue was dissolved in 
ethyl acetate, washed with brine three times, dried (Na2S04) and concentrated to dryness. 
Chromatography on silica (ethyl acetate-hexianes 1 :3) gave 24.1 g of the tosylate as a white 
solid. 

25 To a stirred suspension of LiAlH* (4.58 g, 120.5 mmol) in anhydrous diethyl ether 

(120 mL) was added the tosylate (13.1 g, 36.55 mmol) in diethyl ether-toluene (2.5:1, 140 
mL). The resulting mixture was refluxed for 22 h, cooled to room temperature, diluted 
with ethyl acetate (25 mL) quenched by adding water (5.0 mL). The solvent was 
evaporated. The residue was dissolved in ethyl acetate, washed with brine three times, 
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dried (Na2S04) and conceidrated to dryness. Chiomatography on silica (ethyl acetate- 
hexanes 1 :3) gave 3.58 g of the titled compotind as a colorless liquid. 

Preparation of 5(R)-C'alIyl-S'0'bemoyl-I'0'methyl'fi'D-ribofiiranose 

To a stirred solution of 5(i?)-C-alIyI-2,3-04soproplidene-l-0-methyl-P-D- 
5 ribofuranose (4.49 g, 18.38 mmol) in anhydrous pyridine (40 mL) at 0 ®C was added 
benzoyl chloride (2.7 mL, 23.0 mmol). The resulting mixture was stirred at room 
temperature for 18 h, cooled with ice, quenched by adding water (1 mL), and stirred at 
room temperature for 30 min. The solvent was evaporated and the residue was dissolved in 
ethyl acetate, washed with brine three tunes, dried (Na2S04) and concentrated. 
10 Chromatography on siUca (12% ethyl acetate in hexanes) gave 6.26 g of 5(iJ)-C-aIlyI-5-(7- 
benzoyl-2,3-(>isopropylidene-l-0-methyl-p-D-ribofi^ as a colorless syrup. 

A solution of 5(i?)-C-allyl-5-0-benzoyl-2,3-0-isopropylidene-l-0-methyl-P-D- 
ribofiiranose (6.2 g, 17.8 mmol) in TFA-H2O mixture (9:1) was stirred at 0 ''C for 90 mm 

and concentrated to dryness at 0 ^C. The residue was dissolved in methanol-toluene 
15 mixture (20 mL, 1:1) and concentrated to dryness. Chzx>matography on silica (ethyl acetate 
-hexanes 1 : 1) gave 3.70 g of the titled compound as a white soHd. Similarly, Ihe following 
compounds were prepared: 5-0-Benzoyl-5(i?,S)-C-ethynyl-l--0-methyl-p-D-ribofuranose 
(R/S ratio: 1:1) from 5-0-benzoyl-5(i?,S)-C-ethynyl-2,3-0-isopropylidene-l-0-methyl-p- 
D-ribofuranose; 5-0-BenzoyM-C-ben2X)yloxymethyl-l-(?-methyl-p-D-ribofi^ 
20 5"(9-beiizoyl-4-C-beiizoyloxymethyl-2,3-(>isopropyUdenel-0-methyI-p-D-ribofe 

5-0-Benzoyl4-0-methyl-5(jR)-C-vinyl-P-D-ribofuranose from 2,3-(?-isopropylidene-l-0- 
methyl-5(i!:>C-vinyl-p-D-ribofuranose. 

Preparation of l-0'acetyUS(R)-C'<dlyU2,3,5'M-0'berizoyUD'ribofw 

To a stirred solution of 5(i{)-C-aUyl-5-0-benz»yl-l-0-methyl-P-D-ribofuranose 
25 (3.60mg, 1 1 .68 mmol) in anhydrous pyridine (80 mL) at 0 °C was added benzoyl chloride 
(3.0 mL, 25.84 mmol). The resulting mixture was stirred at room temperature for 18 h, 
cooled with ice, quenched by adding water (1 mL), then stirred at room temperature for 30 
milt The mixture was concentrated, diluted with ethyl acetate, washed with brine three 
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times, dried (Na2S04) and concentrated to dryness. Chromatography on silica (1S% ediyl 
acetate in hexanes) gave 5.3 g of the titled compound as a colorless syrup. 

To a stirred solution of 5(i?)-C-allyl-2,3,5-tri-0-benzolyH-0-methyl-P-D- 
ribofiiranose (4.0 g, 7.74 mmol) in acetic acid (14 mL) and acetic anhydride (1.75 mL, 
5 1 8.36 mmol) at 0 ""C was added concentrated sulfuric acid (200 fiL, 3.79 mmol in 4.0 mL 
of acetic acid). The resulting mixture was stirred at room temperature for 20 h, cooled to 
0 diluted with cold ethyl acetate, washed with water, dilute NaHCOa and then brine, 
dried (NazSOA), and concentrated. Chromatography on silica (ethyl acetate-hexanes 1 :4) 
gave 2,82 g of the titied compound (a/p ratio: 1 :2) as a colorless foam. Similarly, the 

1 0 following compounds were prepared: l-0-Acetyl-5(i?,»S)-C-ethynyl-2,3,5-'tri-0-ben2olyl-P- 
D-ribofuranose (R/S ratio: 1:1 and a/p ratio: 12) frommetiiyl 5(i2,iS)-C-ethynyl-2,3,5-lri- 
0-benzolyl-P-D-ribofuranoside; l-0-Acetyl-4-C-beiizoyloxymethyl-2,395-tri-0-benzoyl- 
D-ribofuranose (cx/p ratio:- 1:3) from methyl 4-C-benzoyloxymethyl-2,3,5-tri-0-ben2oyl-p- 
D-ribofuranoside; 5(i?)-C-Metiiyl-l,2,3,5-tetra-0-acetyl-p-D-ribofiiranose jfrom U0,5(Ry 

15 C-^etiiyl-2^-0-isopropyHdene-p-D-riboftu:anose;5(5)-C-M^^ 

p-D-ribofiiranose from 5-C>-acetyl-l-0,5(iI)-C-dimethyl-2,3-0--isopropylidene-P-D- 
ribofuranose; 5-Deoxy-i;2,3-tri-0-acetyl-P-D-ribofuranose from 5-0-acelyl-2,3-0- 
isopropylidenel -O-methyl-P-D-ribofuranose; l-0-Acetyl-2,3,5-tri-0-benzoyl-5 (i?)-C- 
vinyl-P-D-ribofuranose from l-0-methyl-2,3,5-tri-0-benzoyl-5(J?>C-vinyl-p-D- 

20 ribofricanose. 

Preparation of l-O-rnethyUS-O-her^oyl-A'C-hemayloxymeth^^ 

To a stirred solution of 4-C,5-0-didehydro-2,3-0-isopropylidene-l-0-methyl-p-D- 
ribofiiranose 1 (20.22 g, 100 mmol) in dioxane (380 mL) at 0 ^'C was added dropwise 
formaldehyde (37 % solution, 76 mL) and then 2 M NaOH (188 mL). The resulting 
25 reaction mixture was stkred at room temperature for 20 h, cooled to 0 ^C, neutralized 

(10% acetic add), concentrated (^50 %), and extracted with methylene chloride twice. The 
. combined organic layer was dried over Na2S04 and cdncentrated to dryness. 
Chromatography on silica (4 % methanol in chloroform) gave 20.2 g of l-O-methyl-5-0- 
beii2oyl-2,3-04sopropyUdene-4-C-benzoyloxymethyl-P-D-ribofuran as a white solid. 
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A solution of l-0-methyl-5-0-ben2oyl-2,3-0-isopropyUdene-4-C-^^ 
mefhyl-P-D-ribofuranose (2.0 g, 4.5 mmoles) in a 9:1 (v/v) mixture of trifluoroacetic acid 
and water (1 1 mL) was stirred at 0 °C for 2 h and evaporated to dryness. The residue was 
dissolved in methanol and evaporated (3 times), then dissolved in pyridine and evaporated. 
5 The residue was subjected to silica gel chromatography [methanol (0-0.3%) in 
dichloromethane] to give 1 7 g of the titled compound as an oil. 

Preparation of l'0'acetyl-2JJ-trW'benzoyl-4-C-bemoyloxymthyI-^^ 

ribofiiranose 

10 To a solution of l-C?-methyl-5-C>-benzoyl-4-C-benzoyIoxymethyI-p-D- 

ribofiiranose (1 .7 g, 4.2 mmoles) in pyridine (14 mL) was added benzoyl chloride (1 .2 mL, 
10 mmoles). The reaction mixture was stirred at 25 for 1 6 h and methanol (5 mL) was 
added. The solvents were evaporated and the residue was dissolved wth ethyl acetate (20 
mL) and water (10 mL). The organic layer was dried over sodium sulfate, filtered, and the 

15 filtrate was evaporated to dryness. The residue was subjected to silica gel chromatography 
[methanol (0-0.5%) in dichloromethane] to give 2.4 g of Preparation of 1-0-methyl- 
2,3,5-tri-0-benzoyl^-C-ben2oyloxymethyl-p-D-ribofiiranose as a white solid. 

Sulfiiric acid (97%, 75 mL) was added to a solution of l-(?-methyl-2,3,5-tri-(9- 
benzoyI-4-C-(ben2oyloxymethyl)-p.D-ribofuranose (1.7 g, 2.8 mmoles) in a mixture of 

20 acetic acid (6.7 mL) and acetic anhydride (0.67 mL) at 0 **C. The reaction mixture was 
stirred at 25 ""C for 1 5 h and diluted with ethyl acetate (50 mL) and water (10 mL). This 
solution was washed with brine (3 times), with a saturated aqueous solution of sodium* 
bicarbonate, dried over sodium sulfate, filtered, and the filtrate was evaporated to dryness. 
The residue was subjected to silica gel chromatography [ethanol (0-2%) in 

25 dichloromethane] to give 1 .4 g of the titled compound as a white solid. 

Preparation of 4-C-(4,4 ''dimethoxytrityloxymethyl)-2J-0'isopropylidene'-l''0' 
methyl' fi-D-ribofuranose 

A solution of 4,4'-dimefhoxytrityl chloride (6.0 g, 18 mmol) in pyridine (18 mL) 
was added to a solution of 4-C-hydroxymethyl-2,3-0-isopropylidene-l-0-methyl-p-D- 
30 ribofuranose (3.5 g, 15 mmol) in pyridine (60 mL) stirred at 0 °C. The reaction mixture 
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was stilted at room temperatute for 18 then cooled to 0 ""C. Methanol (6 mL) was 
added, and the solvents were evaporated under reduced pressure. Ethyl acetate and brine 
were added, and the organic extract was washed with brine, dried over sodium sulfate, 
£y[ta?ed and evaporated to dryness. The residue was subjected to silica gel chron[iatography 
5 [eAyl acetate (20-25%) in hexanes] to give 6.2 g of the titled compound as a ^te solid 

Preparation of 2, 3, 5-trUO'bemoyl'l'0-met]^U4'C'metl^Up-D-rihofu^ 

A solution ofbenzoyl chloride (1.5 mL, 13 mmol) in pyridine (6 mL) was added to 
a solution of 4-C-(4,4'-dimethoxytrityloxymethyl)-2,3-0-isopropylidene-l-0-methyl-p-D- 
ribofuranose (6.2 g, 12 mmol) in pyridine (52 mL) stirred at 0 ""C. The reaction mixture 

10 was stirred at room tempemture for 1 5 h, then cooled to 0 °C. Methanol (5 mL) was 

added, and the solvents were evaporated under reduced pressure. Ethyl acetate and brine 
were added, and the organic extract was washed with brine, dried over sodium sulfate, 
filtered and evaporated to dryness. The residue was co-ev^orated with toluene and . 
dissolved in a solution of 80 % of acetic acid in water (174 mL). The reaction mixture was 

1 5 stirred at room temperature for 2 hours, then the solvent was evaporated under reduced 
pressure. The residue was subjected to silica gel chromatography [methanol (1-2%) in 
dichlorometfaane] to lemove most of the impurities, and the wiiite foam obtained was 
dissolved in acetonitrile (174 mL). This solvent was stirred at 0 'X!; and then 
dimethylaminopyridine (43 g, 35 mmol) and phenoxythiocarbonyl chloride (2.4 mL, 17 

20 mmol) were added. The reaction mixture was stirred at room temperature for 2 h again and 
the solvent was ev^qporated. The residue was dissolved with dichloromethane and water, 
and the resulting organic extract was washed with a 0.5 N solution of hydrochloric acid, 
then with water and finally with brine. It was dried over sodium sul&te, filtered, and the 
filtrate was evaporated under reduced pressure. The residue was dissolved with toluene, 

25 and tris(trimethylsilyl)silane (9.0 mL, 29 mmol) and l,r-azobis(cyclohexanecarbonitrile) 
(0.71 g, 2.9 namol) were added. The reaction mixture was stirred at 100 for 15 h, then 
cooled to room temperature and the solvent was evaporated under reduced pressure. The 
residue was subjected to silica gel chromatography [methanol (1-2%) in dichloromethane] 
to remove most of the impurities, and the oil obtained was dissolved in a -15 T solution of 

30 tdfluoroacetic acid in water (90% v/v, 21 mL). The reaction mixture was stirred at -10 °C 
for 1 h, then the solvent was evaporated under higjbi vacuum and low temperature. The 
residue was coevaporated with methanol and subjected to silica gel chromatography 
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[methanol (0-3%) in dichloromethane] to remove most of the impurities. The oil obtained 
was dissolved with pyridine (18 mL) and the solution was stirred at 0 ^C. Benzoyl 
chloride (1.4 mU 12 mmol) was added and the reaction mixture was stirred at room 
t^nperature for 16 h, then cooled to 0 °C. Methanol was added and the solvmts were 
S evaporated under reduced pressure. Ethyl acetate, hexanes and brine were added to the 
residue, and the resulting organic extract was dried over sodium sulfate, filtered and the 
filtrate was evaporated to dryness. The residue was subjected to silica gel chromatography 
[ethyl acetate (25%) in hexanes]. to give 1.8 g (32%, 6 steps) of the titled compound as a 
syrup. 

10 Preparation of l-O-acetyl-l, 3,S'tri-0'hemoyU4'C-methyl'P'D'rihofuranose 

Concentrated sulfuric acid (97%, 99 mL) was added to a solution of 2,3,5-tri-O- 
benzoyH-0-methyl-4-C-me1hyl-P-D-ribofiiranose (1.8 g, 3.6 mmoles) in a mixture of 
acetic acid (9.0 mL) and acetic anhydride (0.90 mL) at 0 ^C. The reaction mixture was 
stirred at 25 ^^C for 16 h and diluted with ethyl acetate (50 mL) and brine (10 mL). The 

15 organic extract was washed with brine (3 times), with a saturated aqueous solution of 
sodium bicarbonate, dried over sodium sulfate, filieted, and the filtrate was evaporated to 
dryness. The residue was dissolved with a mixture of ethyl acetate and hexanes (1 :4, v/v) 
and the b anomer of the title compound cxystallized instantaneously. The ^;\dlite crystals 
were filtered to give 1 . 1 g (56%) of the title compound in its pure b anomer form. The 

20 filtrate was subjected to silica gel chromatography [ethyl acetate (20%) in hexanes] to give 
0.6 g (32%) of the titled compound as an oil (3:1 mixture of a/b anomers). 

Preparation of 5'0'(4,4 ''dimethoxytri1yI)-4'C'hydroxymethyl''2,3-0' 
isopropyltdene-l-O-mthyl-J^D-ribofuranose 

A solution of rer/-butyldimethylsilyl chloride (3.4 g, 23 mmol) in pyridine (16 mL) 
25 was added to a solution of 4-C-hydroxymethyl-2,3-04sopropylidene-l -O-methyl-p-D- 
ribofijranose (4.5 g, 1 9 mmol) in pyridine (80 mL), and stirred at 0 '^C. The reaction 
mixture was then stirred at room temperature for 24 h, then cooled to 0 ^C. Water (5 mL) 
was added, and die solvent was evaporated under reduced pressure. Ethyl acetate and 
brine were added, and the organic extract was washed with brine, dried over sodium 
30 sulfate, filtered and evaporated to dryness. The residue was dissolved in pyridine and the 
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solution vm stilted at 0 °C. 4,4'-Dimetiioxytrityl chloride (8.4 g, 25 mmol) was added, 
and the reaction mixture was stirred at room teiiq)eratiire for 16 hours, then cooled to 0 ^C. 
Methanol (10 mL) was added, and the solvents were evaporated imder reduced pressure. 
Elhyl acetate, hexanes and brine were added, and the organic extract was washed with a 
S O.S N solution of hydrochloric acid, then with brine, dried over sodium sulfate, filtered and 
evaporated to dryness. The residue was dissolved in tetrahydrofuian (S7 naL), and a 
solution of tetrabutylammonium fluoride (TB AF, 1 M ui tetrahydrofuran, 23 inL) was 
added. After 24 h at room ternperature, 0.2 equivalent of TBAF was added, and die 
mixture was stirred for an additional 36 h. The solvent was evaporated and the residue was 
10 subjected to silica gel chromatography [ethyl acetate (50%) in hexanes] to give 6.6 g (65%, 
3 steps) of the titled compound as a white solid. 

Preparation of 5'0'(4A''dimethoxytrityl)-2,3'0'isopropyli^^ 

yinyU^D-rihoJuranose 

A solution of trifluoroacetic acid (049 mL, 6.4 nmiol) and pyridine (1.6 mL, 19 
1 5 mmol) in dimefhylsulfoxide (1 1 mL) was added to a solution of 5-C?-(4,4'-dimethoxytrityl) 
-4-C-hydroxymethyl-2,3-(7-isopropyUdene-l-0-methyl-p-D-ribofi^^ (6.9 g, 13 mmol) 
and J\^.Ar'-di(yclohexylcaxbodiimide (6.6 g, 32 mmol) in a mixture of toluene (26 mL) and 
dimefhylsulfoxide (66 mL) stirred at 5 ^Q. The reaction mixture was then stirred at room 
temperature for 8 h, then cooled to 0 Ethyl acetate (80 mL) and a solution of oxalic 
20 add (1.8 g, 19 mmol) in methanol (10 mL) were added, and the mixture was stined at 
room temperature for IS h. The precipitate was filtered and washed with a 1:1 mixture of 
hexanes and ethyl acetate. The filtrate was washed with brine, with a saturated aqueous 
solution of sodium bicarbonate, washed with brine again, dried over sodium sulfate, 
filtered, and the filtrate was evaporated to dryness. The residue was subjected to silica gel 
25 chromatography [ethyl acetate (25%) in hexanes] to give 6. 1 g (89%) of 5-0-(4,4'- 
dimethoxytri1yl)-4-C-formyl-2,3-0-isopropyliden6-l-0-m€thyl-P-D-ribofi^ as a 
white solid. 

A solution of sodium pentoxide (2.5 g, 22 nunol) in benzene (34 mL) was added to 
a suspension of methylpbosphonium bromide (8.8 g, 25 mmol) in ether stirred at room 
30 temperature. The mixture was stirred at room temperature for 6 h, and a solution of 5-0- 
(4,4'-dimethoxytrityl)-4-C-formyl-2,3-0-isopropyUdene-l-0-methyl^ 
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(6.0 g, 11 mmol) in ether (30 niL) >vas added. Theiesdtmgtiiixtuie^vasstinedatro^ 
temperature for 1 8 h, then cooled to 0 ^C. Brine (100 xnL) was added, followed by ethyl 
acetate (300 mL). The organic extract was washed with brine, dried over sodium sulfate, 
filtered and the filtrate was evaporated to dryness. The residue was subjected to silica gel 
5 chromatogr^hy [eOiyl acetate (25%) ia hexanes] to give 5.9 g (99%) of the titled 
compound as a white solid 

Preparation ofS-O-bemoyl-^-C-ethyUl-O-methyUb-D-riboftiranose • 

Palladium on activated carbon (10% Pd, 50% water, 508 mg) was added to a 
solution of 5-0-(4,4'-dimethoxytrityI>2,3-0-isopropyUdene-l-0-mefhyI-4-C-vinyl-p-D- 

10 ribofiiranose (5.0 g, 9.4 mmol) in methanol (254 mL). The flask was shaken under 5 psi of 
hydrogen during 6 h and the catalyst was filtered and washed with methanol. The solvent 
was evaporated, and the residue was coevaporated with pyridine. It was then dissolved In 
pyridine (75 mL) and stirred at 0 **C. Benzoyl chloride (1 .2 mL, 1 0 mmol) was added, the 
reaction mixture was stirred at room t^perature for 15 h, tiien cooled to 0 ^C. Methanol 

15 (SmL) was added, and the solvents were evaporated under reduced pressure. Ethyl 
acetate, Hexane and brine were added, and the organic extmct was washed with brine, 
dried over sodium sul&te, filtered and evapomted to dryness. The residue was 
coevaporated with toluene and dissolved in a -15 ^^C solution of triflnoroacetic acid m 
water (90% v/v, 57 mL). The reaction mixture was stirred at -10 T for 2 h, then the 

20 solvent was evaporated und^ hi^ vacuum and low temperature. The residue was 
coevaporated with methanol, and a \A^te precipitate was formed. It was removed by 
filtration, and the filtrate containing the titied compound was evaporated to dryness, and 
dissolved in ethyl acetate, hexane and brine. The organic extract was washed with a 
saturated aqueous sohition of sodium bicarbonate, washed with brine, dried over sodium 

25 sulfate, filtered, and the filtrate was evaporated to dryness. The residue was subjected to 
silica gel chromatography [ethyl acetate (33%) in hexanes] to give 1 .8 g (63%, 3 steps) of 
the titled compound as an oil. 

Preparation of l-O-acetyl-l, 3, 5-trUO'berizoyl'4'C-ethyUfi'D-ribofuranose 

Benzoyl chloride (1 .5 mL, 13 nmiol) was added to a solution of 5-0-benzoyl-4-C- 
30 ethyl-1 -O-methyl-b-D-ribofiiranose in pyridine (41 mL) stirred at 0 and the reaction 
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mixture was stirred at room temperature for 18 h, then cooled to 0 °C. Methanol (5 mL) 
was added, and the solvents were evaporated under reduced pressure. Ethyl acetate, 
Hexane and brine were added, and the organic extract was washed with a 0.5 N solution of 
hydrochloric add, then with brine, dried over sodium sul&te, filtered and evapotated to 
5 dryness. The residue was coevaporated wilii toluene and dissolved in a mixture of acetic 
acid (14 mL) and acetic anhydride (1 .5 mL). Sul&ric acid (97%, 165 mL) diluted in acetic 
acid(l mL) was added at 5 X. The reaction mixture was stirred at 25 for 4 hand 
diluted with ethyl acetate (50 mL) and brine (10 mL). The organic* extract was washed 
with brine (3 times), with a saturated aqueous solution of sodium bicarbonate, washed 
10 with brine, dried over sodium sulfate, filtered, and the filtrate was evaporated to dryness. 
The residue was subjected to silica gel chromatography [ethyl acetate (0 - 3%) in, 
dichloromethane] to give 2.9 g (92%) of the titled compound as an oil (2:1 mixture of b/a 
anomers). 

Preparation of 4''aminO'5'OXo-pyrido[2, S-dJpyrimidine 

15 Trimethylsilyl chloride (7.6 mL, 60 mmoles) was added to a stirred suspension of 

2-amino-3-cyano-4-methoxy-pyridine (Archiv der Pharmazie 1985, 318, 481-486; 7.5 g, 
50 mmoles) and sodium iodide (7.50 g, 50 mmoles) in acetonitrile (225 mL). The 
resulting mixture was heated at reflux temperature for 24 h. The precipitate was filtered 
and washed with ethyl acetate to g^ve 1 0.4 g of a brownish powder (2-ammo-3-cyano-4- 

20 oxo-pyridine). This powder was dried und^ reduced pressure, and suspended in 

2-ethoxyethanol (300 mL). Formamidine acetate (3 1 .2 g, 300 mmoles) was added, and the 
suspension was heated at reflux temperature for 2 days, and then filtered. The grey residue 
obtained was dissolved in a 2:1 boiling mixture of acetic acid and water, and charcoal was 
added. The black suspension was filtered, and the filtrate was evaporated to dryness to 

25 give a white solid, which was suspended in a hot saturated solution of sodium 
hydrogencarfoonate in water. The suspension was filt^ed to give 4-aminp*5-oxo- 
pyrido[2,3-d[Ipyrinudine (2.0 g) as a white solid. 

Preparation of 4-ammo-5-oxO'8-(2,3,5'tri'0-benzoyU4-C'methyl-'l3'D' 
ribqfi4ranosyl)pyrido[2, S-dJpyrimidine 



30 



4-Amino-5-oxo-pyrido[2,3-d]pyrimidine (0.23 g, 1.4 mmoles) was suspended in 
1,2-dichloroethane (20 mL) and the nuxture was stirred at 55 °C. BSA (0.87 mL, 3.5 
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mmoles) was added, the leaction mixture was stitred at reflux temp^ture for 90 xnin, then 
cooled to 40 ^C. l-0-acetyl.2,3,5-tri-.0-ben2oyl-4-C-mefhyl-b-D-ri^ (0.60 g, 1 ,2 

nunoles) in 1 ,2-didbloioethane (3 inL) and IMSOTf (0.42 mL, 2.3 mmoles) were added to 
the clear solution, and the mixture was stined at 100 ^ for 48 h. The mixture was cooled 
S to room temperature and a saturated solution of sodium hydiogencarbonate in water was 
added. The mixture was diluted with ethyl acetate (100 mL) and the organic extract was 
washed with brine, dried over sodium sul&te, filtered, and the filtrate was evaporated to 
dryness. The residue was subjected to silica gel chromatography [acetone (15-25%) in 
dichloromefhane] to give 0.30 g (41%) of the titled compound as a white solid, and 0.14 g 

10 (19%)of4-amino.S-oxo-l-(2,3,5-tri-0«benzoyl-4-C-methyl-b-D-ribof^^ 

^pyrimidine as a white solid. Similarly, the following compounds were prepared: 
4-Amino-5-bxo-8-(2,3,5-tri-0-ben2oyM-C-beiizoyloxymethyI-p-I>ribo 
[2,3-£f]pyrimidine as a white solid from 4-amino-5-oxo-pyrido[2,3-c(lpyrimidme and 1 -0- 
acetyl-2,3 ,5-tri-0-beiizoyl-4-C-benzoyloxymethyl-p-D-ribofiu:^ 4-Amino-5-oxo-8- 

15 (2,3,5-tri-0-benzoyl-5(iJ,5)-C-ethynyl-p-D-ribofurauosyl)py^ as a 

vAite solid firom 4-amino-5-oxo-pyrido[2,3-//Ipyrimidme and l-a-acetyl-2,3,5-tti-0- 
benzoyl-5(J?,5)-C-ethynyl-p-D-ribofuranose; 4-Ammo-5-oxo-8-(2,3,5-tri-0-ben2oyl-P-L- 
ribofuranosyl)pyrido[2,3-4pyrimidine as a white solid from 4-amino-S-oxo-pyrido[2,3- 
iflpyrimidine and l-0-acetyl-2,3,5-tri-0-benzoyl-p-L-ribofuranose; 4-Ammo-5-oxo-8- 

20 (2,3,5-tri-0-benzoyl-P-D-ribofiiranosyl)pyrido[2,3-d]pyriniidine as a white solid firom 
4-amino-5-oxo-pyrido[2,3-^pyrimidine and l-0-acetyl-2,3,5-tri-0-ben2oyl-p-D- 
• ribofuranose; 4-Amino-5-oxo-8-(2,3,5-tri-0-beiizoyl-5(iil)--C-allyl-p-D- 
ribofuranosyl)pyrido[2,3-t/]pyrimidine as a white solid from 4-amino-5-oxo-pyrido[2,3- 
<flpyrimidine and l-0-acetyl-2,3,5-tci-(?-ben2»yl-5(J?)-C-aUyl-P«D-ribofuranose; 4-Amino- 

25 5-oxo-8-(2,3,5-tri-0-benzoyl-5(/Z)-C-methyl-p-D-ribofiiranosyl)pyri^ 

as a vrtiite solid firom 4-ammo-5-oxo-pyrido[2,3-iJlpyrimidine and l-0-acetyl-2,3,5-tri-0- 
benzoyl-5(i?)-C-methyl-p-D-Tibofuranose; 4-Amino-5-oxo-8-(2,3,5-tri-<>benzoyl-4-C- 
ethyl-p-D-ribofuranosyl)pyri4o[2,3-d]pyrimidine as a white solid firom 4-amino-5-oxo- 
pyrido[2,3-d]pyrimidine and l-<>acetyl-2,3,5-tri-0-benzoyl-4-C-ethyl-P-D-ribofiaranose; 

30 4-Amino-5-oxo-8-(2,3,5-tri-C?-benzoyl-5(i?,iS)-C-vinyl-p-D-ribo 

(flpyrimidine as a white solid firom 4-aniinO"5-oxO'-pyrido[2,3-d]pyrimidine and 1-0- 
acetyl-2,3,5-tri-0-benzoyl-5(i{,S)-C-vinyl-P-D-ribofinanose. 
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Preparation of 4-amirtO'5-GxO'8-(4-C-hydroxymethyl-P-D'rihof^ 

[2,3d]pyrimidine 

A solution of 4-ainino-5-oxo-8-(23,5-tri-(9-benzoyl-4-C-benzoyloxymet^^ 
ribofittanosyl)pyrido[23-<flpyrittii<iine (0.82 g, 1.1 nmiole) in methanolic anunonia 
S (saturated at 0°C) was stiired in a sealed flask at 25 for 1 S h. The solvents were 

evaporated, and fhe residue was subjected to silica gel chromatography [methanol (30%) 
in dichloromethane] to give 0.36 g of the titled compoimd as a white solid. Similarly, the 
following compounds were prepared: 4-Amino-5-oxo-8-(5(jR)-C-methyJ-p-D- 
. ribofuranosyl)pyrido[2,3-d]pyrimidine from 4-anauno-5-oxo-8-(253,5-tri-0-benzoyl-5(12)- 

10 C-methyl-p-D-ribofiiranosyl)pyrido[2,3-rf]pyrimidine;4^ 

D-ribofuranosyl)pyrido[2,3-rfIpyriniidine from 4-amino-5-oxb-8-(2,3,5-tri-0-benzx)yl- 
5(^)-C-aUyl-p-D-ribpfuranosyl)pyrido[2,3-cflpyrimidin^ 4-Amino-5-oxo-8-(5(if,5;)-C- 
ethynyl-P-D-ribofuranosyl)pyrido[2,3-c/Ipyrirriidine from 4-amino-5-oxo-8-(253,5-tri-0- 
benzoyl-5(R,S)-C-ethynyl-P-D-ribofuranosyl)pyrido[23-^pyrimidi 4-Amino-5-oxo-8- 

1 5 (5(^iS)-C-vinyl-P-D-ribofuranosyl)pyrido[2,3-^flpyrimidine from 4-amino-5-bxo-8-(2,3,5- 
tri-0-benzoyl-5(R,S)-C-vinyl-p-D-ribofijranosyl)pyrido[2,3-^pj^^ 4-Amino-5- 
oxo-8-(p-D-ribofr2ranosyl)pyrido[2,3-^pyrimidine from 4-amino-5-oxo-8-(2,3,5-tri-(3- 
benzoyl-P-D-ribofiiranosyI)pyrido[2,3-^(|pyrimidine; 4-Amino-5-oxo-8-(P-Lr 
ribofiirQnosyl)pyrido[2,3-ti]pyrimidine from 4-amino-5-oxo-8-(2,355-tri-(?'-benzoyl-p-I/- 

20 ribofiiranosyl)pyrido[2,3-(30pyrimidine; 4-Amino-5-oxo-8-(4-C-methyl-P-D- 

ribofuranosyl)pyrido[2,3-if]pyriniidine from 4-amino-5-oxo-8-(2,3,5-tri-0-ben2oyl-4-C- 
melhyl-p-D-ribofiiranosyl)pyrido[2,3-d]pyrimidine; 4-Amino-5-oxo-8-(4-C-ethyl-P-D- 
ribofuranosyl)pyrido[2,3-ii]pyrimidine from 4-amino-5-oxo-8-(2,3,5-tri-C?-ben2oyl-4-C- 
ethyl-p-D-ribofiu»nosyl)pyrido[2,3-^/]pyrimidine, 

25 Preparation of 4<iminO'5'OXo-8-(5(R,SyC-ethyUP'D-ribofurm 

[2,3d]pyrimidine 

Palladium on activated carbon (10% Pd, 200 mg) was added to a solution of 
4-amino-5K)xo-8-(5-C-ethynyl-b-D-ribofuranosyl)pyrido[2,3-4py^ (0.14 g, 0.45 
mmole) in methanol (SO mL). The flask was sbakoi under 3 psi of hydrogen during 2 h 
30 and the catalyst was filtered and wa^ed with methanol. The solvents were evq)orated, 
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and the i^sidue was subjected to siUca gel cIiix>J3i^ [methanol (10%) in 

dichloromethane] to give 0.12 g of the titled compound as a white solid. Similarly, the 
following compounds were prepared: 4-Amino-5-oxo-8-(5(i?)-C-propyl-|5-D- 
ribofuranosyl)pyrido[2,3-d]pyrimidine fiom 4-amino-5-oxo-8-(5(2i)-C-allyl-p-D- 
5 ribofurano5yl)pyrido[2,3-d]pyriinidine. 

Preparation of 4'<minO'5-oxo^''(2^oxy-fi'D'ribofiiranosyl)pyrid^ 

dJpyrimUUne 

A reaction mixture of 4-amino-5-oxo-8-(P-D-ribofLiranosyl)pyrido[2,3- 
d]pyrimidine (1.8 g, 6.20 mmol) and l,3-dichloro-l,l,3,3-tetraisopropyldisiloxane (2.15 

10 mL, 6.73 mmol) in anhydrous pyridine (25 mL) was stirred at room temperature for 20 h 
and cooled with ice. Water (0.5 mL) was added, and the mixture stirred at ambient 
temperature for 30 noin and concaitrated. The residue was dissolved in ethyl acetate, 
washed vnih diluted sodium bicarbonate, driqd over Na2S04, and concentrated. 
Chromatography on silica (EtOAc-hexanes 3:2) gave 2.0 g of 4-amino-5-oxo-8-[3,5-0- 

1 5 (l,l,3,3-tetraisopropyldisiloxy)-P-P-ribofuranosyl)] 

To a solution of 4-amino-5-oxo-8-[3,5-(?-(l,l,3,3-tetraisopropyldisiloxy)-P-D- 
ribofiininosyl)]pyrido[2,3-^i]pyrimidine (650 mg, 121 mmol) and DMAP (295 mg, 2.42 
mmol) in acetonitrile (10 mL) was added phen^ chlorothioformate (185 mL, 1:33 mmol). 
The mixtuie was stirred at room temperature for 2 h and concentrated to dryness. The 

20 residue yms dissolved in chloroform, washed with water, dried (Na2S04), and 

concentrated. The residue was dried undo: vacuimi for 30 min and then dissolved in 
toluene (10 ML). 1,1 '-Azobis(cyclohexanecarbonitrile) (74 mg, 0.30 mmol) was added 
and the resulting solution was bubbled ^th argon for 30 min. Tris(trimetfaylsilyl)silane 
(0.56 mL, 1.82 mmol) was added and the resulting mixtuie stirred at 80 for 2 h and then 

25 at 105 °C ovemi^t Solvent was evaporated and residue dissolved in THF (5 mL). TBAF 
(1 .0 M in THF, 2.5 mL) was added and the resulting solution stood at room ten^etature 
for 2 h and concentrated. Chromatography on silica (10% MeOH in CH2CI2) gave 240 mg 
of the titled compound. 
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In vitro/in vivo experiments 

. Unless indicated otherwise, the following experiments were conducted vnth 
4-amino-5-oxo-8-(p-D-ribofuranosyl)pyrido [2,3 -djpyrimidine. 

Determination of EC50 

5 Cancer cells were incubated with 4-ainino-5-oxo-8-(|3-D-ribofuranosyl)pyrido[2,3- 

djpyrimidine at various concentrations for a period of at least 24 hours and ECso was 
determined. Table 1 gives in vitro activity of 4-amino-S-oxo-8-(p-D-ribofutanosyl)pyrido 
[2,3-d]pyrimidine in nM concentrations. 



Tumor Type 


Cell lines 


ECso [uMI 


Breast 


MCF 7, NCyADR-RES, MDA-MB-435, BT-549, T-47D 


18 


Prostate 


PC-3,DU-145 


19 


Kidney 


786-0. A498, ACHN, CAKI-1, RXF 393, UO-31 


44 


Ovarian 


IGROVl, OVCAR-3, OVCAR-4, OVCAR-5, SK-OV-3 


21 


Melanoma 


LOX IM VI, MALME-3M, M14, SK-MEL-2, SK-MEL-28, 
ACC-257,UACC-62 


30 


CNS 


SF-268, SF-295, SF-539, SNB-19, SNB-75, U251 


125 


Colon 


SW-620, KM 12, HT29, HCT-15, CHCT-116, HCC-2998, 
COLO-205 


16 


Lung 


NCI-H522. NCI-H460, NCI-H322M, NCI-H23, HOP-92, 
HOP-62,EKVX.A549 


68 


Leukemia 


SR, RPMI 8226. MOLT-4. K-562. HL-60, CCRF-CEM 


34 


Liver 


PLC/PRF5,Hep3B,Huh7 


288 


Pancreas 


PaCa-2,PANC-l 


188 



The relatively hi^ ef&cacy of contemplated compounds, and especially of 
10 4-amino-5H)xo-8-(P-D-ribofuranosyl)pyrido[2,3-4]pyrinudin^ is further reflected in a 
series of experiments in which cytotoxicity and inhibition of proliferation of various 
cancer cell lines were compared with commercially available cytostatic agents. The results 
of the experiments are shown m Figures 1 and 2. 
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Anti-clonogenic activity of contemplated compounds 

To determine the anti-clonogenic activity of contemplated compounds in various 
cancer cells e3q>eriments were conducted. The results of these experiments is shovvn in 
Figure 3, clearly indicating that contemplated compounds exhibit significant anti- 
5 clonogCTic activity^ especially in melanoma B16 and 140 cells. Leukemia cells (K562, M), 
and colon HT-29 cells. Here again, 4-amino-5-oxo-8"(|3-D-ribofuranosyl)pyrido[2,3-d]pyr- 
imidine was used as a representative compound of contemplated compounds and 
compared against Ecyd and Gemzar. 

Induction ofApoptosis 

10 In order to determine how contemplated compounds interact with cancer cells, 

NB4 cells (Leukemia) and Prostate 81 (prostate cancer cells) cells were incubated with 
4-amino-5K)xo-8-(p-D-ribofuranosyl)pyTido[2,3-d]pyTi^ Ecyd, and Gemzar, and 
apoptosis was monitored by histone-DNA EUSA. The results are shown in Figures 4A 
and 4B and suggest that contemplated compounds induce apoptosis in a dose dependent 

15 manner. 

Inhibition of ENA synthesis 

RNA synthesis was Aionitored in K562 cells using H^-Uridine incorporation 
following a general protocol as outlined below. Figure 5 shows inhibition of RNA 
synthesis by exemplary contemplated compoimds (here represented by 4-amino-5^oxo-8- 
20 (p-D-ribofuranosyI)pyrido[2,3-d]pyrimidine) over various time pmods and 
concentrations. 

Inhibition of RNA Polymerase 1 11, and lU 

To further investigate the influence of contemplated compounds (here again 
represented by 4-amino-5-oxo-8<p-D-ribofuranosyl)pyrido[2,3-d]pyrimidm^ on KNA 
25 synthesis dependent on RNA Polymerase I, n, and HI, experiments were conducted The 
results of these experiments are shown in Figures 6 and 7 and suggest that contemplated 
compounds may inhibit processing of 28S and 18S rRNA, however, fail to significantly 
inhibit RNA Polymerase m. The experiments further indicate that contemplated 
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compounds inhibit RNA-Polymerase 11 dependent RNA synthesis in a concentration 
dependent manner. 

MEK'EBK phosphorylation 

It has recently been demonstrated [Wang, et al JBC 275:39435-43 (2000); 
5 Pavlovic et al , Eur. Cytokine Netw 2:267-74 (2000)] that apoptosis can be induced via the 
MEK-ERK signal transduction pathway. To investigate the possibility of activation of the 
MEK-ERK signal transduction pathway by contemplated compounds an experiment was 
conducted. F^iure 8 is an autoradiograph depicting phosphorylation of MEK and ERK, 
but not Raf by contemplated compounds (represented by 4-amino-S-oxo-8-(p-D- 

1 0 ribofuranosyl)pyrido[2,3-d]pyrimidine) in NB4 leukemic cells. This, and other 

eTqperiments suggest that the contemplated compounds enhance phosphorylation of MEK 
(which is in contrast to Ecyd and Gemzar), however, they do not enhance phosphoiylation 
of Raf. Consequently, it is contemplated that the compounds according to the inventive 
subject matter may induce apoptosis through activation of MEK (which can be abolished 

15 by inhibitors of the MEK-ERK pathway). 

Metabolites of contemplated compounds 

Numerous experiments (data not shown) suggest that contemplated compounds are 
phosphorylated within a (tumor) cell, and that the products include mono-, di-, and 
triphosphorylated forms (e.g., detectable by LC-MS). It is further contemplated that the 
20 metabolites may have significant (or even increased) biological activity. 

Thus, specific embodiments and applications of pyrido[2,3-d]pyrimidine and 
pyrimido[4,5-d]pyrimidine nucleosides have been disclosed. It should be apparent, 
however, to those skilled in the art that many more modifications besides those already 
described are possible without departing firom the inventive concepts herein. The inventive 

25 subject matter, therefore, is not to be restricted except in the spirit of the appended claims. 
Moreover, in interpreting both tte specification and the claims, all terms should be 
interpreted in the broadest possible manner consistent with the context. In particular, the 
terms "comprises" and "comprising" should be interpreted as referring to elements, 
components, or steps in a non-exclusive mamer, indicating that the referenced elements^ 

30 components, or steps may be present, or utilized, or combined with other elements, 
components, or steps that are iu)t expressly referenced. 
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CLAIMS 

What is claimed is: 

L A nucleoside aiialog according to the formiila (I) 




wherein 
AisO, S,CH2; 

R2, R2', R3, and R3' are independently selected from H, F, OH, NH2, CN, N3, 
CONH2, and R, where R is lower alkyl, lower alkenyl, lower alkynyl, or 
lower acyl, and optionally containing at least one of a heteroatom and a 
functional groiqp; 

or R2 and R2' together, or R3 and R3' together are selected from ^CHi, =CHR", 
=CR"2, =NR", Where R" is H, F, OH, CN, N3, CONH2, lower alkyl, lower 
alkenyl, lower alkynyl, or lower acyl; 

R4 and R5' are independently selected from H, Iowa: alkyl, lower alkenyl, lower 
' allsynyl, or aralkyl, and optionally containing at least one of a heteroatom 
and a fimctional group; 

R5 is H, OH, 0P(0)(0H)2, P(0)(0H)2, OP(0)(OR"')2, or P(O)(OR"02, where R" is 

a masking group; and 
B is selected from the group of heterocyclic radicals consisting of formula (II), 

(m), (IV), and (V) 
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wherein X is H, ISIH2 or OH; 
Y is H, NH2, or halogai; 

Zi in formula (II) and (IV), and Z3 in formula (HI) and (V) is O, S, NR", CHM, or 
CM2; 

Zi in formula (HI) and (V), and in fonnula (II) and (IV) is N, CH, or CM; 
Z2isN, CH,orCM; 

where M is F, CI, Br, OH, SH, NH2, CN, COOR", C(=NH)NH2, lower alkyl, lower 
alkenyl, lower alkynyl, arallg^l, or aiyL 

2. The nucleoside analog of claim 1 wherein A is O, and B is a heterocyclic radical 
according to fonnula (0). 

3. The nucleoside analog of claim 2 whereinX is NH2, Zi is O, and Z2 and Z3 are CH. 

4. The nucleoside analog of claim 3 wherein R4 and Rs' are hydrogen, and Rs is OH. 

5. The nucleoside analog of claim 1 having a structure according to fonnula (VI) 



7. The prodrug of claim 6 \y^er6in the prodrug comprises a phosphate or phosphonate 
covalently coupled to the 0$ atom of the ribose. 

8. The prodrug of claim 6 wherein the prodrug comprises a moiety that is covalently 
bound to at least one of the hydroxyl groups of the ribose, and that is cleaved from 
the at least one hydroxyl groups within a target cell 




HO OH 



6. 



A prodrug comprising the nucleoside analog of claim 5. 
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9. The prodrug of claim 6 wherein the prodrug conq>rises a moiety that is covalently 
bound to the amino groiq> of the base, and that is cleaved from the amino ffoup 
within a target cell. 

10. A method of inhibiting growth of a neoplastic cell comprising: 
S providing a compound according to claim 1 ; and 

presendx^ the compound to the cell in a dosage effective to inhibit the growth of a 
cell. 

1 1 . The method of claim 1 0 wherein A is O, and B is a heterocyclic radical according 
to formula (II). 

10 12. The method of claim 1 1 wherein X is NH2» Z\ is and Z2 and Z3 are CH. 

1 3 . The method of claim 12 wherein R4 and R^' are hydrogen, and R5 is OH. 

14. The method of claim 10 wherein the compound has a structure according to 
formula (VI) 



O NH2 



HO 




(VI) 



HO OH 

15 15. The method of claim 1 4 wherein the compoimd comprises a phosphate or 
phosphonate covalently coupled to the C5 atom of the ribose. 

16. The method of claim 1 4 wherein the compound comprises a moiety that is 

covalently bound to at least one of the hydroxyl groups of the ribose, and that is 
cleaved from the at least one hydroxyl groups within a target cell. 

20 17. The method of claim 14 wherein the compound comprises a moiety that is 

covalently bound to the amino group of the base, and that is cleaved from the 
amino group within a target cell. 
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.18. The method of claim 14 wherein the neoplastic cell is a cell selected fiom the 
group consisting of a colon cancer cell, a breast cancer cell, a melanoma cell, a 
glioma cell, and a prostate cancer cell. 

19. The method of claim 14 wherein the inhibition of the growth of the cell comprises 
apoptosis. 

20. The method of claim 19 wherein the apoptosis is triggered at least in part by 
MEK-phosphorylation. 

21 . The method of claim 14 wherein the inhibition of the growth of the cell comprises 
inhibition of at least one of RNA polymerase I, RNA polymerase U, and RNA 
polymerase m. 
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Effect of contemplated compounds on RNA Pol I and III 
As determined by 28S and 18S rRNA production 
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